Estimating potential for adaption of corals to climate warming by Császár, Nikolaus B. M
Estimating Potential for 
Adaptation of Corals 
to Climate Warming
Nikolaus B. M. Csaszar
A THESIS SUBMITTED IN FULFILMENT OF THE REQUIREMENTS
for the Degree of Doctor of Philosophy in Science
Department of Environmental Sciences 
Plant Functional Biology and Climate Change Cluster 
University of Technology, Sydney
CERTIFICATE OF AUTHORSHIP/ORIGINALITY 1
Certificate of Autorshep/Originality
I certify that the work in this thesis has not previously been submitted for a 
degree nor has it been submitted as part of requirements for a degree except as 
fully acknowledged within the text.
I also certify that the thesis has been written by me. Any help that I have 
received in my research work and the preparation of the thesis itself has been 
acknowledged. In addition, I certify that all information sources and literature 
used are indicated in the thesis.
r
Nikolaus B. M. Csaszar
Acknowledgements
Acknowledgements
A PhD is a very personal and challenging journey, one which is, however, rarely 
undertaken alone. There are many people that I want to thank for accompanying 
me all along. First of all, I would like to thank my wonderful principal/co­
supervisor team, Peter Ralph and Madeleine van Oppen. Your science and 
generosity of spirit is truly inspiring. Thank you both for your amazing guidance 
and support, and for challenging me to think outside the square. It was a 
wonderful experience working together with you both scientifically and 
personally.
Many thanks are also extended to my second co-supervisor, Dick Frankham, who 
never flinched in explaining to me concepts and pitfalls of quantitative genetic 
studies. This thesis would have been impossible without your guidance and 
advice.
Along with my team of supervisors, other people helped with the development of 
protocols and contributed either with intellectual input or otherwise. Foremost 
amongst these is Ray Berkelmans. Ray, I want to thank you for that, but also for 
being generally a great mentor and dive buddy. Jos Mieog probably never 
realised how much he initially helped me in finding my way through the 
‘labyrinth’ of the Australian Institute of Marine Science (AIMS). Thank you for 
that, Jos, and for so often sharing the ‘catch of the day’ with me at AIMS house 
#5. I also want to thank Francois Seneca, not only for the wonderful 
collaboration on the coral gene expression study, but also for an unforgettable 
and amazing castaway experience on Havannah Island. Remember, the castaway 
revival is due in 2017 (maybe with better equipment this time)! I also want to 
thank Andrew Negri for helping me with almost everything in general and 
pigment analysis in particular. Thanks also to Lesa Peplow and Andy Muirhead 
for their help in the laboratory, and to Andy also for organising wonderful sailing 
trips around Magnetic Island. Wayne Knibb’s initial contribution to the project is 
also greatly appreciated. I hope to continue working with all of you in the future. 
The considerable time I spent at AIMS has been made so enjoyable by the ‘T- 
ville gang’: Ana Gomez, Adrian, Bry Wilson, Carolyn, David Abrego, Eneour 
Puill-Stephan, Emily Howells, Emmanuelle Botte, Francois, Ingo Burghardt, Jos,
Acknowledgements
Joe, Kim, Verena Witt, Vivian Cumbo, Patricia Warner and many more whose 
full names escaped me but their faces and great memories of good times have 
not.
A big thank you goes to my fellow colleagues from the Plant Functional Biology 
and Climate Change Cluster (C3) at the University of Technology, Sydney 
(UTS): Isabel Jimenez, Lucy Buxton, Katherina Petrou, Kim Wilson, Rachael 
Smith, Alex Griffin, Verena Schramayr, Olivia Sackett, Sutinee Sinotuk, Ying 
Hong, Ross Hill and Martina Doblin. I thoroughly enjoyed working with you and 
I hope our paths will cross again.
The biggest thank you goes to my life-partner Anita Michalski, who left the 
imaginary Austrian shorelines to embark on this journey and to join me in Down- 
Under. Dear Anita, I was lucky to have your love, faith and support throughout 
this time, and I am looking forward to our next journeys wherever they may take 
us.
Last but by no means least a huge thank you to my family, who has seen me only 
occasionally during this journey, but supported me continuously.
This thesis is dedicated to my parents Eva and Ferenc, and to the memory of my 
great Master-thesis father and dearly missed fatherly friend, Amfried Antonius (f 
2010), who was among the foremost to call attention to the threats corals are 




Climate models predict rapidly warming oceans throughout the 21st century 
along with increased mortalities in reef-building coral-algal symbioses. Yet the 
ability of corals to adapt genetically in an evolutionary sense to a warmer climate 
is unknown. The adaptive potential of corals can be approximated by the extent 
to which variation in thermal tolerance is caused by genetic factors (i.e. by the 
broad-sense heritability, H). This thesis investigated H in a total of eleven 
thermal tolerance traits from two populations of the reef-building coral species 
Acropora millepora in the central Great Barrier Reef, Australia. The first 
population that was investigated associates with thermo-tolerant algal symbionts 
of the genus Symbiodinium (clade D), and came from Magnetic Island (MI), 
while the second population from Orpheus Island (01) associates with the 
intermediately tolerant Symbiodinium type C2. Traits investigated were 
characteristic of the coral host, the algal symbiont, and the holobiont (whole 
symbiosis).
The present thesis revealed extensive genetic variation in algal symbiont traits, 
which, together with short generation times, allows for rapid symbiont adaptation 
to climate warming. A significant adaptive potential was also found for coral 
colony growth rates, defined here as a holobiont trait. This is in stark contrast to 
the coral host, which did not display heritability for the majority of the traits 
investigated for either population. The coral host with its long generation time 
has therefore only a low potential to adapt to rapidly warming oceans.
Five of the six thermal tolerance traits yielded significant heritabilities in each of 
the two symbiont types. In clade D symbionts from MI, the adaptive potential 
was given for the maximum quantum yield of photosystem II, Fv/Fm, one of the 
most commonly studied stress parameters in coral biology which indicates the 
overall health condition of photosystems. The one trait that did not yield a 
significant heritability in D symbionts was non-photochemical quenching 
(ONPQ) of excess excitation energy. The trait ONPQ can be considered as a 
switch for xanthophyll cycling, a mechanism that protects photosystems through 
conversion of the pigment diadinoxanthin (DD) into diatoxanthin (DT).
Abstract v
However, D symbionts diverted 50 % of the incoming light energy for the 
initiation of the xanthophyll cycle (i.e. via <1>NPQ), and the xanthophyll cycle 
mechanism itself showed significant heritability in either symbiont type. Both 
symbiont types also displayed significant heritability for another measure of 
photoprotection, the ability to regulate the pool size of photoprotective 
xanthophyll pigments (XP) relative to total light-harvesting pigments (LH). 
Although Fv/Fm did not yield a significant heritability in C2 symbionts from 01, 
both symbiont types again showed heritability for the effective quantum yield of 
photosystem II (OPSII), and for unregulated energy dissipation (<DNO).
For traits reflecting the function of the coral host, messenger RNA (mRNA) 
expression levels of four fundamental genes involved in the oxidative stress 
response were investigated. These genes code for cellular defences which 
regulate cellular iron homeostasis (i.e. Ferritin), repair denatured proteins (i.e. the 
heat shock protein Hsp70), detoxify harmful oxygen radicals (i.e. the 
mitochondrial enzyme manganese superoxide dismutase MnSOD), and might be 
involved in the dysfunction of coral cell-adhesion proteins during bleaching via a 
remodelling of surface receptors in the extra-cellular matrix (i.e. a zinc- 
metalloprotease, Zn2+-met). Each coral host population, however, showed 
heritability for expression of just one of those four genes (i.e. MnSOD in the MI 
population, and Zn2+-met in the 01 population), therefore displaying only a 
limited capacity for evolution of thermal tolerance.
Holobiont growth showed a significant heritability in both coral-algal 
populations, thus providing the basis for evolutionary adaptation. In the long 
term, however, this trait might be impaired by ocean acidification, which has a 
negative impact on coral calcification and, therefore, on holobiont growth rates.
In summary, algal symbionts have short generation times and considerable 
genetic variation in functional traits, thus allowing for rapid adaptation to higher 
temperatures. However, adaptive response estimates based on low heritabilities 
in coral host traits along with the coral’s mainly sexual reproduction and long 
generation time raise concerns about the timely adaptation of the holobiont in the 
face of rapid climate warming.
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